ABSTRACT
INTRODUCTION
Pepper fruit (Capsicum species) is a relish in most African diets. It serves as a spice and is rich in vitamin C (Rehm and Espig, 1991) .
Constraints in fruit production are partly due to poor soil and depredation by insect pests.
In southern Nigeria, soils are on the average poor and deficient in important mineral nutrient (Robinson and Fawusi, 1979) . Farmers of today find himself unable to produce his crops economically without adding to his soil those elements that are limiting to the growth and productivity of his crop. Weil and Kroontje (1979) found the application of poultry manure at low rates (below 20 t ha -1 ) very useful in boosting yield, but at higher rates (above 20 t ha -1 ) phytotoxic quantities of ammonium nitrate and salt are released.
Application of poultry manure and other farm wastes have been found to increase the carbon content, water holding capacity, aggregation of the soil and a decrease in the bulk density (Weil and Kroontje, 1979) . The report also indicated that the agronomic importance of the use of organic waste is essential in improving crop yield thereby reducing the use of inorganic fertilizer. In Nigeria, interest in the use of organic manure is increasing. Its value, particularly in vegetable crop production has been recognized (Asiegbu and Uzo, 1984) . NIHORT (1991) reported a significant increase in fresh fruit weight of chilli pepper (Capsicum annum var tartashi) following application of poultry manure at a rate of 2% by volume in combination with 60kg P ha -1 . Similarly, poultry manure at 8 t ha -1 increased fruit yield of Okra (Abelmoschus esculentum var NHae L7-4) by 30% (NIHORT, 1992) . Doubling the rate of application (16 t ha -1 ) resulted in no further yield advantage; therefore, application beyond a certain level is not beneficial.
Research has shown that the ability of a crop plant to resist or tolerate insect pests and diseases is tied to optimal physical, chemical and mainly biological properties of the soil (Patriquin et al., 1995) . Reduced susceptibility to pest may be a reflection of differences in plant health, as mediated by soil fertility (Alteri and Nicholls, 1990) . Soil fertility practices can impact the physiological susceptibility of crops to insect pest by either affecting the resistance of individual plant to attack or by altering plant acceptability to certain herbivores (Patriquin et al., 1995) . They also noted that organic agriculturists have long maintained that pest and disease problems are indicative of soil fertility problems. A healthy soil produces plants that are resistant to pests and diseases and organic manure produces healthy soil (Howard, 1940; Rodale, 1946; Pfeiffer, 1947 and Balfour, 1975) . The mechanism by which a particular mineral nutrient can affect plant resistance to pests and diseases was reviewed by Marschner (1986) . It has also been noted that nutritional status influences such factors as the growth pattern and onset of senescence of epidermal cells and degree of humification, sugar concentration in the apoplast, amino-N in phloem sap, and levels of secondary compound which in turn affect resistance to pest and disease (Patriquin et al., 1995) . Their report also showed that a strong deficiency or excess of nitrogen encourages certain pest and disease and that many factors influencing susceptibility of pests and diseases do so through their effects on plant nitrogen metabolism. The report further noted that susceptibility of plants to obligating parasitic fungi such as stem rusts tends to increase with nitrogen supply, while susceptibility to facultative parasites and most bacterial diseases decrease with increase nitrogen supply. High concentration of potassium tends to increase resistance to both groups of disease organisms (Marschner, 1986) . Mineral imbalances or excesses could occur under certain types of organic management, such as where large amount of poultry manure or compost are used (Patriquin et al., 1995) .
Chemical fertilizer could dramatically influence the balance of nutritional elements in plants, and it is likely that their excessive use would create nutrient imbalances which in turn, could reduce resistance to insect pests (Patriquin et al., 1995) . The workers further reported that organic manuring promote an increase of soil organic matter and microbial activity as well as a gradual release of plant nutrient and should, in theory, allow plants to derive a more balance nutrition. Thus, while the amount of nitrogen immediately available to the crop may lower when organic manure are applied as against when chemical fertilizer is used, the overall nutritional status of the crop appears to be improved. Organic nitrogen sources may allow greater tolerance of vegetative damage because they release nitrogen more slowly.
Meanwhile, there is no proper documentation of the major insect pests and diseases of chilli pepper in this agro-ecological zone. Therefore, the present study was aimed at identifying the major insect pests and diseases of chilli pepper in this area and their susceptibility/resistance to incremental doses of poultry manure application. Field experiment commenced with the ploughing and harrowing of the field. An experimental site measuring 31m x 31m was marked out and divided into three blocks. Each block measured 31m x 3m. Individual blocks were later divided into 9 plots; each plot measured 31m x 3m with 0.5m alley way between two plots. Treatments of the field experiment comprised all possible combinations of three rates of poultry manure of 0, 20 and 40 t ha -1 and three varieties of pepper of tartashi, tarugu and Birds eye chilli, arranged in a Randomized Complete Block Design (RCBD) with three replications. Poultry manure from a deep-litter pen containing 10-weeks old layers was used for the experiment. The manure collected was fully composted for 28 days before use. Samples of the composted manure were airdried and analyzed for some of its chemical nutrient compositions. Soil samples from the experimental site were collected using an auger before the commencement of the experiment. The samples were bulked together, air-dried and a composite sample taken for physical and chemical analysis. Different quantities of the composted poultry manure corresponding to the appropriate treatment rates were thoroughly worked into the various plots with a manure fork. The field was allowed to stand for one week before transplanting. Seedlings were transplanted at a spacing of 60cm inter row and 45cm within row, 36 days after planting (DAT) which corresponded to 7th April, 2005. Hoe weeding was carried out three times before fruiting. To avoid undue interference with the insect fauna, no insecticide was applied to the plants.
MATERIALS AND METHOD
The plants were examined on a biweekly basis for the incidence and severity of insects and diseases. Samples of insects found on the plants were taken to the laboratory for counting and identification. Insects were sampled in the morning hours between 6.30 and 8.00am from plants of the inner rows of each plot. Sampling continued until the period of flower initiation using a sweep net. Sampled insects were demobilized in 70% ethyl alcohol before taken into the laboratory for sorting and recording. Insects were later ranked as to their pest status (major and minor) depending on their population and/or severity of their damage. Data on plant parameters collected included number of fruits per plant, weight of fresh ripe fruits per plant and number of aborted fruits per plant. Incidences and severities of Pepper Veinal Mottle Virus (PVMV) symptoms on the plants were also recorded at 100 DAT. The incidence of PVMV symptom was assessed as the ratio of number of plants with symptom to the total number of plants per plot expressed in per cent. Severity of PVMV symptom on a plant was assessed as the ratio of number of leaves per plant with symptoms to the total number of leaves per plant expressed in per cent. Disease rating as described by Poonam et al., (1996) was adapted for this assessment in order to classify the plant reaction based on different infection degrees. This classification is as shown in Table 1 . Depending on the skewness of the values obtained, some of the insect counts and disease values were transformed before analysis of variance was carried out on them. Statistical analyses were also carried out on the data collected according to the procedure outlined by Steel and Torrie (1980) for factorial experiments. Mean separations were done using F-LSD as outlined by Obi (2002) at 5% level of probability.
RESULTS AND DISCUSSION
The result of the soil physicochemical analyses showed that the experimental site was sandy clay loam, very strongly acidic (pH kcl =3.9) and of very low nitrogen (0.08%), phosphorus (2.88ppm) and potassium (0.07 meq /100g soil) contents (Table 2) . Chemical analyses on the poultry manure showed that it was slightly alkaline (pH kcl =7.8) and of low phosphorus (0.05 ppm) and potassium (0.24 meq/100g soil) contents. It had very high nitrogen content (up to 2%) also. The high poultry manure-N suggests the potentiation of the manure in improving soil-N, which was low and incapable of sustaining the growth and development of the plant. Organic manure has long been maintained to produce healthy soils (Balfour, 1975) ; and healthy soils to ensure quality and healthy plants capable of enhancing plant resistance to pests and diseases (Phelam et al., 1995) . However, the strong acidic nature of a soil or the strong alkaline nature of the poultry manure as shown from this result is likely to reduce deficiencies of certain useful nutrients in the soil. Therefore, soil amendment with poultry manure could improve the soil pH to ensure the release of such deficient nutrients in the soil for healthy plant growth. It has been shown that plants in acidic soils can suffer from Fe-and/or Al-induced P-deficiencies, while plants in alkaline soils can suffer from a Ca-induced P-deficiency if the soils are not amended (de Jeude, 2004) . The report further maintained that if soil-pH is brought within the range of 5-7, the availability to plants of both soil-and fertilizer-P would improve. Insect counts taken on the plants from this result showed that they were hosts to many insect pests and predators (Table 3) .
These pests include aphids (Myzus persicae Sulzer and Aphis gossypii Glov.), white flies (Bemisia tabaci Genn.), bugs (Helopeltis schoutedni Reuter), flea beetles (Nisotra= Podagrica sjostedti Jacoby and Podagrica uniforma Jacoby), variegated grasshopper (Zonocerus variegates L.) and striped blister beetle (Epicauta albovittata Gestro). The predators sampled from the crops were ladybird beetle (Epilachna varivestis Mulsant) and praying mantids (Stagmomantis carolina Johannson). The insects were identified as to their orders, families and plant parts attacked (Table 3) . Statistical analyses on square root transformed counts of the major insect pests showed that aphid populations on 0 t PM ha -1 and 20 t PM ha -1 did not differ significantly from each other but were significantly (P<0.05) lower than counts from 40 t PM ha -1 (Table 4) . On the other hand, counts of aphids sampled from either the "Birds eye chilli" or "Tarugu" varieties did not differ significantly with each other but were significantly higher (P<0.05) compared to the numbers sampled from "Tartashi" (Table 4 ).
Interaction of PM and variety was significant (P<0.05), consequently, application on "Birds eye chilli" or "Tarugu" variety of either 20 or 40 t PM ha -1 resulted in significantly (P<0.05) highest populations of aphids (Table 4) . The PM and variety effects to infestations by other insects: Z. variegatus (Table 4) . Helopeltis adults and nymphs (Table 5) , and flea beetles (Table 6) , followed a similar trend as their effects on aphids. However, the application of 40 t PM ha -1 on "Birds eye chilli" consistently resulted in significantly highest (P<0.05) population of these insects.
PM or variety and their interaction effects did not produce any significant result on whitefly counts, but there was a progressive trend of increasing infestation with increasing PM (Table 6 ). Also, the "Birds eye chilli" and "Tarugu" varieties hosted the most numerous whitefly populations. The incidence and severity of pepper veinal mottle virus (PVMV) symptoms followed a similar trend as population counts of aphids. Consequently, the incidence and severity of the symptoms increased with increase in PM (Table7). Both the "Birds eye chilli" and "Tarugu" varieties expressed the highest symptom of PVMV disease incidence and severity (Table7). Interaction effect on disease incidence and severity were highest on "Birds eye chilli" treated with 40 t PM ha -1 (Table7). All the varieties were susceptible to PVMV with percentage disease incidence ranging from 37 to 45% as could be evidenced from the disease rating (Table 7) . Interaction of rate x variety effects on fruit number per plant and fresh fruit weight were not significant, but significantly (P<0.05) highest fruit numbers per plant and fresh fruit weights were obtained where higher doses of PM were applied (Table 8 ). The effects of the treatments were not significant on number of aborted fruits ( Table 9 ).
The increased pest infestation with increased PM application was attributed to increased plant succulence and the subsequent increase in plant amino-N often associated with high levels of protein amino acid brought about by increased soil-N. Many workers had amply illustrated the increased susceptibility effect of Nfertilization to insect infestation. Patriquin et al., (1995) reported that many of the factors influencing susceptibility to pest and diseases do so through their effects on plant N-metabolism. Prestidge and McNeill (1993) also noted that high levels of protein amino acids commonly stimulate the growth and fecundity of herbivorous insects. Fertilizing crops with N may therefore make crops more susceptibly to pests by increasing the levels of free amino acids (Mattson, 1980; Koritsas and Garsed, 1985) . In addition, K was abysmally low both in the soil and in the manure in this result. This condition may have contributed to the increased susceptibility of the crops to the pests and diseases. Similar findings were also reported by Marschner, (1986) and Van Embden, (1966) . However, the increased abundance of insect pests, which was associated with high fruit number should not be surprising. The high nitrogen supply probably ensures healthy compensatory plant growth which enabled the plant withstand this high level of infestation. This infestation and yield relationship as recoded in this study was therefore attributed to high compensatory tiller growth of the plants after direct injury caused by the insect pests. The increased fababean yield associated with increased aphid infestation was attributed to the aphid damage reducing aphid dominance of the plant (Harris, 1974) or increasing pruning of younger flowers in the case of indeterminate varieties (Banks and Macaulay, 1967) . In both cases, the condition induced a compensatory growth by the plant to overcome the effect of the stressor. The high incidence of pest and diseases of the "Birds eye chilli", was normal as it was perceived as a more familiar host than others; being a local variety which was more readily cultivated around the area CONCLUSION A total of eleven insects were found to be associated with pepper plants in the agro-ecology. Six of the insects were pests of major status while three were pests of minor status. Two predators were also sampled. Symptoms of Pepper Veinal Mottle Virus (PVMV) were also recorded in the field. These symptoms and pest infestations were generally more numerous on "Birds eye chilli", a local variety, than other pepper varieties. All the pepper varieties were susceptible to PVMV with a disease incidence ranging between 37% and 45%. Poultry manure used was very high in nitrogen content. This level is capable of improving plant health and therefore plant resistance to some insect pest. Increasing doses of poultry manure up to 20 t ha -1 significantly (P<0.05) increased some insect population and incidences of PVMV on the field. The differences in the population count of most insects between 20 t PM ha -1 and 40 t PM ha -1 were not significant but were significantly (P<0.05) higher than counts from where no manure was applied. However, differences in the effects of the variety, PM or their interactions did not produce any significant effect on Bemisia infestation, although there was a progressive trend of increasing infestation with increasing manure rate. Incremental doses of PM up to 20 t ha -1 significantly (P<0.05) increased fruit yield. Further increment beyond 20 t ha -1 did not produce any significant. The interactions of poultry manure and variety effects were significant (P<0.05) on some insect pests, PVMV incidence and yield attributes measured. To improve the poor physical and chemical characteristics of tropical soils and therefore improve pepper plant health conditions, it is recommended that large doses of poultry manure up to 20 t ha -1 should be incorporated to the soil. In doing this, sustained crop production is achieved with minimal environmental degradation. This therefore confers organic wastes, the farmer's best measure, which yields the most cost-effective, environmentally sound and socially acceptable insect and disease management strategy for efficient chillipepper production in this situation.
